The current status of the Western Hemisphere's commercial export market, with regard to cultivar, is a predominance of 'Tommy Atkins', 'Ataulfo', 'Kent', 'Keitt' and 'Haden'. All of these cultivars were selections made from open-pollinated seedlings. All except 'Ataulfo' were subjected to years of screening by hobbyists and scientists familiar with mango growing and horticulture in their region of selection. Breeding programs around the world have labored to create new cultivars for the mango industry, and are based on sound breeding and selection criteria; yet, increased effort must be made to include field production criteria into the breeding and selection of mango cultivars. Tree size potential must be included in selection, as fruit quality and production practices are closely linked to the size that a cultivar can be maintained in the field. Smaller size potential of the tree will allow for higher density planting and more efficient and cheaper orchard management practices. Suitability for alternative markets, field disease tolerance and economic yield potential must also be given more weight. The final step in the selection of any potential new selection should be the small commercial test blocks across a range of climate zones.
INTRODUCTION
Fairchild Tropical Botanic Garden maintains a living clonal collection of over 450 mango cultivars from around the world originating from traditional selection within regions, organized breeding and selection programs. This collection contains public, as well as, proprietary cultivars and unreleased selections on agreement with numerous parties around the world. Unrestricted cultivars (the majority of the genetic bank) are distributed to individuals, commercial growers, companies and governments each year based on the protocols set out by each receiving country.
The current status of the Western Hemisphere's commercial export market, with regard to cultivar, is a predominance of 'Tommy Atkins', 'Ataulfo', 'Kent', 'Keitt' and 'Haden'. All of these cultivars were selections made from open-pollinated seedlings, and with the exception of 'Ataulfo', were subjected to years of screening by hobbyists and scientists familiar with mango growing and horticulture in their region of selection. However, screening criteria used to select these mangos did not include, formally at least, many of the most important grower criteria that this paper suggests for a modern breeding program. The growers themselves took the initiative to test and later expand the production of these mangos to a commercial level based largely on the field performance of the trees. These cultivars have proven to be commercially valuable across a range of regions and climatic zones.
Modern breeding programs have for the most part been based on sound and achievable goals, but new cultivars have not yet supplanted these open-pollinated selections. The objective of the current paper is to discuss the process of mango breeding and selection with an emphasis on the future needs of the grower in terms of production and management. The hope is to encourage current and future breeding programs to consider, where possible, the inclusion of these criteria and to aid in the selection of new and successful mango cultivars for the commercial industry.
THE EXAMPLE OF 'ATAULFO'
'Ataulfo' serves as an example of the challenges that face new cultivar selection. 'Ataulfo' is now a major export cultivar from Mexico to the United States and also is a key cultivar for the national market within Mexico.
The success of the 'Ataulfo' within the marktetplace is based on its distinction from other cultivars in the market (i.e. yellow-skinned), its superior shelf-life and perhaps its eating quality. However, its selection and rise in commercialization was informal and there was little consideration of the field characteristics of the tree.
'Ataulfo' has a low production potential when compared with other commercial cultivars. Maximum commercial yields of 'Ataulfo' achieved throughout Mexico range from 8 to 15 MT/ha; whereas, 'Tommy Atkins' and 'Keitt' can average above 25 MT/ha, with 'Kent' and 'Haden' more in the range of 20 MT/ha. The tree itself blooms under the tropical conditions of Chiapas, MX, where it was selected, but its commercial adaptability to a range of climatic conditions outside of Chiapas is yet to be determined. The tree is vigorous and has a high growth potential, thus pruning is both necessary and more expensive than with other commercial cultivars. The fruit of 'Ataulfo' are small, averaging about 200 g, and there is a tendency to produce seedless fruit that have limited commercial value. The small fruit size limits the use of 'Ataulfo' for other markets beyond fresh fruit, and it is not highly desired for juicing either due to the pulp color. The tree is highly susceptible to flower and fruit attack by the fungal diseases powdery mildew and anthracnose.
Yet, this mango has been planted throughout the Pacific coast of Mexico and increasingly in Ecuador and Peru, Guatemala and the Caribbean. The prices paid per box for the fruit continue to fuel its development. However, in Mexico there has been a slowed pace of planting the last few seasons and an increase in topworking of the trees away from 'Ataulfo'. The change is based on grower returns per unit area with 'Ataulfo'. As per box prices continue to decline due to increased supply there are few ways for growers to reduce costs or increase economic yields with this cultivar.
PRODUCTION CRITERIA IN BREEDING PROGRAMS
Sound breeding and selection criteria are currently used in the majority of the breeding programs around the world (Litz, 2009; Bally et al., 2009 ). Yet, increased effort must be made to include field production criteria into the breeding and selection of mango cultivars. Many of these criteria cannot be properly tested within the formal breeding activities themselves, and will necessitate further field testing. Evaluations of potential new cultivars typically center on fruit characters such as size, flavor, disease tolerance and overall productivity within the breeding plots. These criteria are crucial to the success of any potential new selection. However, prices paid to growers are not likely to increase dramatically over the foreseeable future and the cost side of the mango production equation must also be carefully weighed in breeding and selection.
Fruit quality and production practices are closely linked to the size that a cultivar can be maintained. Smaller size potential of the tree will allow for higher density planting and more efficient and cheaper orchard management practices. Field packout and fruit quality potential will be greater in small trees. Tree size potential interacts highly with pruning and flowering consistency in climates that have limitations of cold temperatures or drought stress for floral initiation. Genetic size control is superior to size control by use of chemical growth regulators, as these treatments add cost to the management of the trees and may have a negative influence on the acceptance of the mango into specific markets.
A natural control in tree size reduces the need and costs of tree topping and hedging. Returning to the example of 'Ataulfo', the large tree size potential necessitates severe annual pruning and in many climates it is yet to be determined if this horticultural practice can be effectively applied. A cultivar with a small tree size potential will need less drastic treatments; thus reducing costs and increasing the likelihood of flowering. Smaller size potential is also linked to precocious flowering (Campbell and Zill, 2009 ), which will allow for the efficient use of a new cultivar for high density planting and grower return on investment. We do not have reliable tree size control in mango by way of rootstock, and the limited experience that we do have suggests that a mango cultivar's response to a given rootstock can be highly variable. Thus scion tree size must continue to be a priority.
